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This paper examines the growth theory of Robert Solow1, which has been a point of reference of 
economic growth since the 1950s. First, the article analyzes the path-breaking model of growth 
contained in Solow’s article “A Contribution to the Theory of Economic Growth” published in The 
Quarterly Journal of Economics (1956). Second, it looks at the contribution of Solow to growth 
accounting and to the new method of studying capital formation in economic growth through the 
vintage approach. Therefore, the work analyzes the article “Technical Change and the Aggregate 
Production Function” published in The Review of Economics and Statistics (1957). In the latter 
publication, Solow, through the aggregate production function, tries to measure growth and provide 
an explanation of the nature of technical progress. The article also examines Solow’s 1960 essay 
“Investment and Technical Progress” based on the hypothesis of embodied technological progress 
and the vintage approach. 
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Technological Change. 




The dynamics of modern industrial economies are increasingly characterized by innovation and rapid 
transformations in technological knowledge that tend to change their structure systems (Schilirò, 
2006, 2012a, 2012b). Schumpeter (1934) provided and highlighted a theory of innovation as the main 
factor influencing long-term growth. However, neoclassical growth models developed in the 1950s 
took a different direction. They did not provide a theory of innovation or technological change. 
Instead, they recognized the major role of technological change in growth. 
The initial formulation of the neoclassical theory of growth is due to the contributions of Swann 
(1956) and Solow (1956, 1957). These models, which were based on capital accumulation, were 
inspired by Ramsey's pioneering essay (1928) on the role of saving to achieve the utmost utility. 
The neoclassical growth theory intends to explain the continuing rise in per capita income. This has 
characterized many market economies over the last two centuries. In the neoclassical growth model, 
                                                          
1 Robert Solow was awarded the Nobel Prize for Economics in 1987 for his contributions to the theory and measurement 
of economic growth. 
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the production takes place in conditions of competition, whereas capital accumulation is the engine 
of output growth. 
 
2. SOLOW’S MODEL OF GROWTH 
 
It is known that the theory of growth used Solow’s 1956 growth model, contained in the article “A 
Contribution to the Theory of Economic Growth”, as its point of reference.  The article contains a 
mathematical model in the form of a differential equation to describe how increased capital stock 
generates greater per capita production. Solow begins with the proposition that society saves a given 
constant proportion of its incomes. The population and the supply of labor grow at a constant rate. 
Capital intensity (or capital per employee) can be regulated. Capital intensity is determined by the 
prices of production factor. Due to diminishing returns, additional capital increases (or increasing 
capital intensity) make ever smaller contributions to production. In this model, in the long term and 
under the condition of absence of technological progress, a steady-state growth path is reached when 
output, capital, and labor grow at the same rate. Therefore, output per worker and capital per worker 
are constant2, and the economy approaches a condition of identical growth rates for capital, labor and 
total production. An increase in the proportion of saved incomes cannot lead to a permanent increase 
in the rate of growth. In fact, in the absence of technological progress, the rate of growth will remain 
the same (irrespective of the share of savings), and will be purely dependent on an increased supply 
of labor. 
Solow’s theoretical model of growth had an enormous impact on economic analysis. According to 
Acemoglou (2009), this model shaped the way we approach both economic growth and the entire 
field of macroeconomics.  
 
2.1. THE MODEL 
Solow (1956) criticizes the Keynesian Harrod-Domar long term growth model3 for the crucial 
assumption that production takes place under conditions of fixed proportions. Consequently, these 
conditions cause potential dysfunctional aspects of economic growth (for example, increased 
unemployment or prolonged inflation). Thus, Solow (1956, p.66) proposed a model of long-run 
growth “which accepts all the Harrod-Domar assumptions except that of fixed proportion” in 
production. It considers labor-capital substitution, that is, the change in production technique as a 
response to changes in relative prices of labor and capital. This implies that there is the neoclassical 
aggregate production function at the center of Solow’s growth model.  
The main hypotheses of such a model include: 
- Markets in balance due to a market clearing mechanism 
- Presence of declining marginal returns 
- Convergence of economies with the same initial conditions  
- Nil long-term growth rate, or case corresponding to an exogenous increase rate of technical 
progress  
                                                          
2 Per capita production and real wage no longer increase. 
3 The Harrod–Domar model is a Keynesian model of economic growth. The model was developed independently by Roy 
F. Harrod (1939) and Evsey Domar (1946). 
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This growth model is characterized by the presence of exogenous variables, including savings rate, 
growth rate of population and growth rate of technical progress4. The factors of production, capital 
K, and labor L, change as a result of investment and population growth respectively. Moreover, 
markets are in perfect competition (Aghion, & Howitt, 2003; Helpman, 2004; Schilirò, 1986). 
The model can be represented as follows. 
First, there is an aggregate production function to determine the technological possibilities. Y 
represents the output (net output after depreciation of capital); K and L represent capital and labor 
inputs in "physical" units. Then  
Y = F (K, L)                                             (1) 
Equation (1) represents the aggregate production function, which is assumed to satisfy a series of 
technical conditions: 
- Increasing in both arguments 
- Displaying decreasing marginal returns to each factor 
- Displaying constant returns to scale5 
 
Cobb-Douglas is a production function satisfying these properties. It assumes that F exhibits constant 
returns to scale in K and L (i.e., it is linearly homogeneous [homogeneous of degree 1] in these two 
variables). 
 
The Solow model is also characterized by a law of motion for the stock of capital. 
The stock of capital K(t) takes the form of an accumulation of the composite commodity. Net 
investment I(t) is the rate of increase of this capital stock dK/dt. Threfore, we have the basic identity 
at every instant of time.  
                               · 
dK/dt ≡  K = I (t)                                         (2) 
 
The third fundamental equation of the Solow model is the savings/investment function. This is 
assumed to be of a Keynesian nature. Savings and investment (in a closed economy) are a constant 
fraction s of total income Y (t)6: 
 
S (t) = I (t) = s Y (t)                                                  (3)                             
 
Inserting equation (1) in equation (3) gives us:  
     
          ?̇? = s F (K, L)                                                  (4) 
 
Solow closes his model following Harrod. As a result of exogenous population growth, the labor 
force increases at a constant relative rate n. Since Solow assumes the absence of technological change, 
n corresponds to Harrod’s natural rate of growth.  
                                                          
4 The reason this model is called "exogenous" growth model is the saving rate is taken to be exogenously given. 
5 Constant returns to scale implies that by multiplying each input by factor z, output changes by a multiple of that same 
factor: zQ = f (zK, zL). Thus, the production function is homogeneous of first degree (Solow, 1956, p.67). 
6 The model can be easily extended to include a household’s problem with a dynamic consumption/saving decision (called 




 L(t) = Loe
nt                                                   (5)                                      
 
The complete set of three equations consists of equation (4), equation (5) and 
𝜕𝐹(𝐾,𝐿)
𝜕𝐿
 = w. The last 
equation is the marginal productivity equation that determines the real wage rate. 
In equation (4), L represents total employment. In equation (5), L represents the available supply of 
labor. Solow assumes that full employment is perpetually maintained by identifying the two variables. 
Inserting equation (5) in equation (4) gives us: 
 ?̇? = s F (K, Loent)                                           (6) 
 
This equation determines the time path of capital accumulation that must be followed if all available 
labor is to be employed.  
The equation (6) is a differential equation in the single variable K(t). Its solution gives the only time 
profile of the capital stock of the economy to fully employ available labor. 
The time path of capital stock and labor force is determined by equation (5) and equation (6), it is 
possible to compute from the production function equation (1) the corresponding time path of real 
output. An assumption of full employment of the available stock of capital is also present in this 
model. 
Solow (1956, p. 68) explains the process of capital accumulation by stating that: 
“at any moment of time the available labor supply is given by (5) and the available stock of capital 
is also a datum. Since the real return to factors will adjust to bring about full employment of labor 
and capital we can use the production function (1) to find the current rate of output. Then the 
propensity to save tells us how much of net output will be saved and invested. Hence, we know the 
net accumulation of capital during the current period. Added to the already accumulated stock this 
gives the capital available for the next period, and the whole process can be repeated”. 
Thus, Solow shows possible growth patterns by analyzing if there is always a capital accumulation 
path consistent with any rate of growth of the labor force. He starts from the differential equation (6). 
First Solow introduces a new variable, r = K/L, the ratio of capital to labor (capital intensity).  
We have K = r L = r Loe
nt .  
Differentiating with respect to time we get:  
                       ?̇? = Loent + n ?̇? Loent .                                   (7) 
 
Substituting equation (7) in equation (6), and, because of constant returns to scale, we can divide both 
variables in F by L = Loe
nt . We obtain,  (?̇? + n r) Loent = s Loent F(K/Loent, 1).               
 By dividing out the common factor Loe
nt we get 
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?̇? = s F(r,1) – n r.                                                   (8)                                                    
Equation (8) represents the rate of change of the capital-labor ratio as the difference of two terms. 
One representing the increment of capital and one the increment of labor. In particular, the function 
F(r, 1) in equation (8) is the total product curve as varying amounts r of capital are employed with 
one unit of labor. Alternatively, it gives output per worker as a function of capital per worker. 
When ?̇?  = 0, the capital-labor ratio is a constant, and the capital stock must be expanding at the same 
rate as the labor force, n. That is, the warranted rate of growth. This rate of growth is warranted by the 
appropriate real rate of return to capital and equals the natural rate. 
 
                        0                                       r* 
Figure 1. 
In Figure 1 the straight line at 45 degrees passing through the origin with slope n represents the 
function nr. The curve is the function sF(r,l). This curve passes through the origin and is convex 
upward. Therefore, there is no output unless both inputs are positive. There is diminishing marginal 
productivity of capital, as would be the case, for example, with the Cobb-Douglas function.  
At the point of intersection nr = sF(r,1) and ?̇? = 0 
Solow (1956, p. 70) explained that: “If the capital-labor ratio r* should ever be established, it will 
be maintained, and capital and labor will grow thenceforward in proportion. By constant returns to 
scale, real output (Y) will also grow at the same relative rate n, and output per head of labor force 
will be constant.” 
Moreover, according to Solow (1956), the equilibrium value r* is stable. Whatever the initial value 
of the capital-labor ratio, the system will develop toward a state of balanced growth at the natural 
rate. 
If the initial capital stock is below the equilibrium ratio, capital and output will grow at a faster pace 
than the labor force until the equilibrium ratio is approached. If the initial ratio is above the 
equilibrium value, capital and output will grow more slowly than the labor force. The growth of 
output is always intermediate between those of labor and capital. 
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Solow’s basic conclusion (1956, 73) is that:  
“when production takes place under the usual neoclassical conditions of variable proportions and 
constant returns to scale, no simple opposition between natural and warranted rates of growth is 
possible. There may not be - in fact in the case of the Cobb-Douglas function there never can be - any 
knife-edge. The system can adjust to any given rate of growth of the labor force, and eventually 
approach a state of steady proportional expansion”7. 
In Solow’s model, a steady-state growth path is reached when output, capital and labor grow at the 
same rate. Output per worker and capital per worker are both constant.  The model shows that a 
sustained rise in capital investment (accumulation of capital) − and therefore an increase in the 
proportion of incomes which is saved8 − increases the growth rate only temporarily, because the ratio 
of capital to labor goes up (increasing capital intensity). In fact, the marginal product of additional 
units of capital declines due to diminishing returns. Thus, an economy returns to a long-term growth 
path with total production growing at the same rate as labor (under the condition that there is no 
technological progress). This involves a situation in which per capita production and real wage no 
longer increase. (Nobelprize.org, 1987). 
In this model an implication of diminishing returns is that the equilibrium rate of growth is 
proportional to the saving (investment) rate. In addition, it is independent of the saving (investment) 
rate (Solow, 1988). 
 
Since, the model of Solow maintains that growth is due to capital accumulation, then, according to 
the model, growth will be very strong when countries first begin to accumulate capital, and will slow 
down as the process of accumulation continues, because of diminishing returns of capital.  
So, the model defines the conditions for the tendency of different nations to approach an equilibrium 
(steady-state) level of the capital stock. 
In addition, the Solow growth model suggests that countries will tend to converge in output per capita 
and in standard of living9. In fact, the model implies, because of a higher marginal rate of return on 
invested capital in faster-growing countries, that income levels in poor economies will grow relatively 
faster than developed countries and eventually converge or catch up to the economies of the latter 
through capital accumulation, assuming that all countries have the same access (due to spillover 
effects) to technologies. Several years later, in commenting on his article, Solow (1988) states that  
«a developing economy that succeeds in permanently increasing its saving (investment) rate will have 
a higher level of output than if it had not done so, and must therefore grow faster for a while. But it 
will not achieve a permanently higher rate of growth of output. More precisely: the permanent rate of 
growth of output per unit of labor input is independent of the saving (investment) rate and depends 
entirely on the rate of technological progress in the broadest sense» (1988, p.308). 
 
However, these propositions have been criticized, since with just a few exceptions, that is not 
happening. Moreover, the extent of catch up in living standards is questioned. Finally, some literature 
                                                          
7 Solow (1956, pp.76-77) in the example of the Cobb-Douglas production function shows that the asymptotic behavior of 
the system is balanced growth at the natural rate. Thus, in the long-run equilibrium growth, the natural rate equals “the” 
warranted rate. 
8 It is assumed that savings correspond to an equivalent amount of (planned) capital investment. 
9 Aghion, Howitt (2003, p.17) state that the model exhibits ‘conditional convergence’, in the sense that convergence is 
conditional on the determinants of the countries’ steady state levels of output per person. 
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has proved the existence of the middle-income trap when growing economies find it hard to sustain 
growth and rising per capita incomes beyond a certain level. 
 
Summing up: 
Growth in output per capita (y) occurs only as an economy moves to the steady state. 
– In steady state, there is no growth in y. 
– The aggregate output of the economy (Y) grows at rate of n. 
An important implication of the model is that countries with low r should grow more quickly than 
countries with r closer to steady state. Another implication is that it predicts high growth in poor 
countries. Also, in this model differences in income levels between countries are attributed to 
different rates of savings.  
 
Furthermore, Solow aims to set out the price-wage-interest behavior appropriate to the growth paths 
sketched earlier (Solow, 1956, p.79).  Solow examines the four prices involved in the system: (1) the 
selling price of a unit of real output (and since real output serves also as capital this is the transfer 
price of a unit of capital stock) p(t); (2) the money wage rate w(t); (3) the money rental per unit of 
time of a unit of capital stock q(t); (4) the rate of interest i(t). He takes p(t), the price of real output, 
as given, since “in the real system we are working with there is nothing to determine the absolute 
price level” (ibid., p.79). According to Solow, in general, a stable growth path exists, thus the fall in 
the real wage or real rental is needed to get to it. In particular, if there is an initial shortage of labor 
(compared with the equilibrium ratio) the real wage will have to fall (Solow, 1956, p.83). Thus, factor 
price flexibility is a fundamental condition to get on a stable growth path. 
 
In the last part of the article, Solow discusses possible extensions of his model (1956, pp. 85-91). 
In particular he presents a model that takes into account neutral technical change. In this special case 
of neutral technical change. Shifts in the production function are defined as neutral if they leave 
marginal rates of substitution untouched but simply increase or decrease the output attainable from 
given inputs. In that case the production function [1] takes the special form  
 
Y = A (t)f (K, L)                                             [1a] 
where the A (t) measures the cumulated effect of shifts over time and it represents the technical 
change, that is, an expression for any kind of shift in the production function. 
Solow explains that “the way in which the (now ever-changing) equilibrium capital-labor ratio is 
affected can be seen on a diagram like Figure 1 by "blowing up" the function sF(r,1)” (Solow, 1956, 
p.85). 
 
By adopting the Cobb-Douglas function in this case, we take A(t) = egt , then the basic differential 
equation becomes 
 
  ?̇? = s egt Ka (Lo ent)1-a = s Ka Lo1-a e(n(1-a)+g)t                [9] 
 













be(nb*g)t ]1/b                      [10] 
 
where b = 1- a. 
 
In this new model with neutral technological progress, in the long run the capital stock increases at 
the relative rate n + g/b (compared with n in the case of no techno-logical change). The eventual rate 
of increase of real output is n + ag/b, which is than n10.  
 
In conclusion, Solow’s Model is a valuable contribution to modeling economic growth. It does not 
explain every factor that influences growth. What it illuminates (i. e, accumulation of capital) is not 
the most important aspect of growth. Critics point out that treating human capital as exogenous 
renders us unable to analyze an important factor of production and the policies that may influence 
that factor.  Another criticism is that the Solow Model lacks micro-foundations. Households make 
their savings and consumption decisions mechanically, s is not the result of a utility maximization 
problem. As a result, equilibrium may not be efficient. 
 
3. SOLOW’S GROWTH ACCOUNTING 
 
In ‘Technical Change and the Aggregate Production Function’ (1957), Solow attempted to quantify 
the effect of individual factors on the pace of growth. Thus, he carried out an empirical analysis of 
the long-term growth of the U.S. economy, and based his model on time series figures for total 
production, factors of production and the cost shares of these factors in total production. According 
to Solow, the key to economic growth in the period 1909-1949 was technological progress, rather 
than the production factors of labor and capital. 
 
      3.1. The Theoretical Model 
 
Solow defines the following aggregate production function in closed economy: 
 
Q = F (K, L; t).                                          [11] 
 
Q is the aggregate output, K and L the factors of production capital and labor, and the variable t for 
time appears in F to allow for technical change. Solow uses «the phrase "technical change" as a short-
hand expression for any kind of shift in the production function. Thus slowdowns, speed-ups, 
improvements in the education of the labor force, and all sorts of things will appear as "technical 
change."» (Solow, 1957, p.352). Thus, Solow adopts a broad notion of technology. 
In particular, Solow starts assuming neutral technical change. The technical change is neutral when 
shifts in the production function leave marginal rates of substitution untouched and simply increase 
or decrease the output attainable from given inputs. 
Thus, the aggregate production function for the composite final output takes the special form  
 
                                                          
10 Solow (1956, p.85) also considers and explains the special case with a > ½. Then the rate of increase of real output 
may even be faster than n + g. 
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Q = A (t) f (K, L)’                                    [11a] 
 
where the multiplicative factor A (t) measures the cumulated effect of shifts over time, and it 
represents the technological progress or, as it is usually named, the total factor productivity (TFP) 
growth. TFP refers to all inputs that affect the aggregate output (Q) except labor and capital11.  
An important assumption in this model is that A is exogenous. The model is thus making no effort to 
explain why A equals a particular value. Thus, the model is assuming that neither policy nor the 
choices of agents in the model affect its value. 
Differentiate [11a] totally with respect to time and divide by Q, we obtain 












      












 is the relative share of labor, 
then we can write the above equation as follows: 
 
?̇?/𝑄 = ?̇?/A + wk 
?̇?
𝐾
 + wL 
?̇?
𝐿
                            [12] 
 
In this model it is assumed that factors are paid their marginal products, wk and wL. Since all factor 
inputs are classified either as K or L, then wk plus wL add up to one. This is equivalent to assuming 
the hypotheses of Euler's theorem. Hence, F is homogeneous of degree one. 
  
Then let Q/L = q, K/L = k, wL, = 1 - wk; note that ?̇?/q = ?̇?/𝑄- ?̇?/L etc., and [12] becomes  
 
?̇?/𝑄 =  ?̇?/A + wk 
?̇?
𝑘
                                           [12a] 
 
If technological change is constant in time then A(t) = eat. 
 
The case of neutral shifts and constant returns to scale can be represented graphically as in Figure 2. 
 
                                                          










In Figure 2 the production function is shifting in time, “so that if we observe points in the (q, k) plane, 
their movements are compounded out of movements along the curve and shifts of the curve” (Solow, 
1957, p. 313). The problem then is distinguishing between the two kinds of changes.  
 
3.2. The Empirical Results in Solow’s Growth Model 
 
In order to isolate (empirically) shifts of the aggregate production function from movements along it, 
Solow uses the following time series: output per unit of labor, capital per unit of labor, and the share 
of capital. Moreover, as a measure of aggregate output Solow adopts the GNP. Thus, the q is a time 
series of real private non-farm GNP per man hour12. 
After having carried out his empirical study, Solow comes to the following general conclusion: “over 
the 40 year period output per man hour approximately doubled. At the same time, according to Chart 
2, the cumulative upward shift in the production function was about 80 per cent. It is possible to argue 
that about one-eighth of the total increase is traceable to increased capital per man hour, and the 
remaining seven-eighths to technical change” (1957, p.316). 
Yet, Solow adds the clarification that much, perhaps nearly all, innovation (and therefore technical 
progress) must be embodied in new plant and equipment to be realized at all. 
 
                                                          
12 In [12] or [12a] it is possible to replace the time-derivatives by year-to-year changes and calculate the following 
expression: A q/q - wk A k/k. The result is an estimate of ∆ F/F or ∆ A/A, depending on whether these relative shifts appear 







In addition, by assuming constant returns to scale and representing the production function in the 
following simplified form: 
 
q = A(t) f(k,1),                                               [13]      
 
Solow shows that from [13] by plotting q(t) /A (t) against k (t) he gets (mild) diminishing returns and 
that the Cobb-Douglas functional form performs better than other parametric forms of production 
function (Solow, 1957, pp.318-319). 
 
In short, in this contribution Solow suggested a method to separate shifts of the aggregate production 
function from movements along it. The method rests on the assumption that factors are paid their 
marginal products, that is, on the assumption of competitive factor markets. 
 
The conclusions highlighted by Solow about his empirical analysis to America data from 1909 to 
1949 are the following: i) Technical change during that period was neutral on average (i.e., the 
distribution of GNP between wage earnings and capital yield was not affected by technical change). 
ii) The upward shift in the production function was at a rate of about 1 per cent per year for the first 
half of the period, and 2 per cent per year for the last half. iii) Gross output per man hour doubled 
over the interval, with 87.5 per cent of the increase attributable to technical change and the remaining 
12.5 per cent to increased use of capital. iv) The aggregate production function, corrected for technical 
change, gives a distinct impression of diminishing returns, but the curvature is not violent (Solow, 
1957, p.320). 
 
Therefore, although the outcome of Solow’s growth model seems steady state growth because of 
diminishing returns, however Solow aims to show that economic history suggests accelerating 
progress. 
This seminal paper on “growth accounting” had a great impact on the future empirical literature on 
growth, many studies were undertaken in other countries. Later discussion was mainly on how to 
measure the contributions of production factors to total production.  
 
 3.3. Capital Formation and the Vintage Approach 
 
In ‘Investment and technical progress’ (1960), Solow gave on the topic concerning how to measure 
the contributions of inputs to total production an interesting contribution. In this essay, he presents a 
new method of studying capital formation in economic growth, based on the vintage approach and 
the hypothesis of embodied technological progress13.  
In his previous contribution on growth theory, Solow worked with disembodied technological 
progress, which is not tied to the replacement of old equipment with new. Such technological progress 
has the character of an exogenous quantity, not related to the introduction of production factors into 
the production process.  
                                                          
13 This hypothesis means that technical progress is built into machines and other capital goods, and that it must be taken 




Instead, embodied technological progress reckons on the fact that older production equipment is 
gradually replaced with new and improved equipment. By making the hypothesis of embodied 
technological progress, Solow disaggregated capital according to its age structure and therefore also 
according to its technical level. Thus, the vintage approach assumes that new investments are 
characterized by the most modern technologies, and that the resulting capital does not change in 
qualitative terms over its remaining life.  
In such an understanding of technological progress, capital as a share of economic growth is 
substantially higher at the expense of disembodied technological progress. Solow’s new analytical 
framework based on this vintage approach permitted empirical calculations to be made, and the 





A major proposition that it is possible to draw from Solow’s growth model is that accumulation alone 
cannot yield lasting progress. The most important source of wealth for a country (an industry, a firm) 
is technological progress, while investments take less importance. However, in Solow technological 
advance becomes the exogenous force driving growth. Actually, technological progress that is what 
really matter for growth has been little illuminated by Solow’ growth articles model. The “Solow 
residual” represents just the rate of technological change that explains the difference between real 
income growth and growth explicable by growth in labor and capital. In his 1957 article Solow tried 
to measure technological change, due to its relevance on growth, but without explaining it. However, 
the contributions of Solow to growth theory have broadened the technological framework of growth 
theory. Since then, as a consequence, economists and policy makers have given priority to technical 
progress and how to go about accelerating it. 
 
References 
Acemoglou, D. (2009). Introduction to modern economic growth. Princeton: Princeton University 
Press. 
Aghion, P., & Howitt, P. (2003). Endogenous growth theory. Cambridge (MA): MIT Press. 
Domar, E. (1946). Capital Expansion, Rate of Growth, and Employment. Econometrica, 14 (2), 137–
147. 
Harrod, R. F. (1939). An Essay in Dynamic Theory. The Economic Journal, 49 (193), 14–33. 
Helpman, E. (2004). The Mistery of Economic Growth. Cambridge (MA): The Belknap Press of 
Harvard University Press. 
Nobelprize.org, (1987). The Prize in Economics 1987 – Press Release, 21 October 1987. 
https://www.nobelprize.org/nobel_prizes/economic-sciences/laureates/1987/press.html 
 
Ramsey, F.P. (1928). A Mathematical Theory of Saving, Economic Journal, 38(152), 543-559. 
13 
 
Schilirò, D. (1986). Effetti del progresso tecnico sull’occupazione. In Flessibilità, concorrenza e 
innovazione: l'impresa minore e le nuove tecnologie, Studi e Ricerche, n.11, Milano: Mediocredito 
Lombardo. 
Schilirò, D. (2006). Crescita economica, conoscenza e capitale umano. Le teorie e i modelli di crescita 
endogena di Paul Romer e Robert Lucas. MPRA Paper No. 52435. 
 
Schilirò, D. (2012a). Knowledge-based economies and the institutional environment. Theoretical and 
Practical Research in Economic Fields, 3(1), 42-50. 
Schilirò, D. (2012b). Structural Change and Models of Structural Analysis: Theories, Principles and 
Methods. Journal of Advanced Research in Law and Economics, 3(2). 31-48. 
Schumpeter, J.A. (1934). The theory of economic development: an inquiry into profits, capital, credit, 
interest, and the business cycle. Cambridge (MA): Harvard University Press. Original version: Theorie 
der wirtschaftlichen Entwicklung, 1911. 
Solow, R. (1956). A Contribution to the Theory of Economic Growth. The Quarterly Journal of 
Economics, 70(1), 65-94. 
 
Solow, R. (1957). Technical Change and the Aggregate Production Function. The Review of 
Economics and Statistics, 39(3), 312-320. 
 
Solow, R. (1960), Investment and technical progress. In Arrow, K. J., Karlin, S., & Suppes, P., 
Mathematical models in the social sciences, 1959: Proceedings of the first Stanford symposium, 
Stanford mathematical studies in the social sciences, IV. Stanford, California: Stanford University 
Press, pp. 89–104. 
 
Solow, R. (1988). Growth Theory and After. American Economic Review, 78(3), 307-317. 
 
Swan, T. W. (1956). Economic Growth and Capital Accumulation. Economic Record, 32(2), 334-
361. doi:10.1111/j.1475-4932.1956.tb00434.x 
